None of the methods of cell rupture is suitable in all applications, and many are not useful for work with microorganisms on a large, preparative scale. Rapid mixing of cells with a suspension of small glass beads (Lamanna and Mallette, 1954) has proved to be one of the most effective techniques and has been widely modified, e.g., by Hamilton and Knight (1962) . A The filled tubing was supported externally in an ice bath. Other temperature-control devices might be used instead of this simple but effective expedient. The tubing was filled with a cell-bead suspension except for a small air space acting as a cushion against pressure changes. Large air spaces were avoided to reduce foaming and the accompanying denaturation. However, in larger-scale work than that actually described, a closed circuit was found to be unnecessary, thus permitting flexibility in the volume of suspension treated. In such cases, the suspension was pumped into a large glass bulb, and then fed out the bottom of the bulb, thus insuring continuous repassage of the beads in large quantities through the pump. (pH 7), and 28 ml of this suspension were mixed with 65 ml (99 g) of glass beads (0.2 mm in diameter). This material, just fluid enough to flow through the system, was poured and scraped through a powder funnel into the tubing, and then the ends of the tubing were joined. Samples were ground at maximal rated speed for various lengths of time, the resulting mixture was diluted with 7 ml of buffer, and the beads were allowed to settle for a few minutes. Filtration and washing permit complete separation of beads from the mixture.
Release of soluble cell components was followed by allowing the beads to settle, diluting 1.2-ml samples of the supernatant material to 5 ml with 0.5 M phosphate buffer (pH 7), centrifuging for 0.5 hr at 12,000 X g and 2 C, decanting the faintly hazy liquid and diluting it 1:100 with water, and reading the absorbancy with a Beckman DU spectrophotometer. Light scattered by the remaining suspended material was corrected for by means of where absorbancies are represented by A and wavelengths by X. The symbols r and XT are, respectively, turbidity (r a log Io/I and A log Io/I) and a wavelength at which x was measured.
The wavelengths for r were chosen to provide values of useful magnitude but yet to lie outside the range of light absorption by the usual cell components and solvents; the wavelengths used were 300 m,u for yeast and 320 m, for spores.
The spores were ground in the same way except that 12 g of lyophilized material were suspended in 80 ml of buffer, and 0.1-mm beads were used, being more effective than the larger size. After grinding, the mixture was diluted with 10 ml of buffer, the supernatant material was decanted and centrifuged as above, and a sample of the centrifuged solution was diluted 1:100 and examined.
Gross changes in the cells were observed with a Leitz Ortholux microscope and xenon light source. The photographic records were obtained with Kodak Panatomic-X sheet film (9 by 12 cm). The prints reproduced in Fig. 1 represent approximately the center 35% of the actual fields, which were not flat and, therefore, were out of focus at the edges. The yeast systems were stained by the Hucker modification of the Gram method and the spores, with malachite green, both according to Farrell (1956) .
RESULTS AND DISCUSSION
Effectiveness of the peristaltic pump in rupturing baker's yeast is evident in Fig. 1 . Since damaged cells do not retain the Gram stain, the typical samples shown in the figure reveal ex- In a similar way, destruction of the spores is demonstrated. Figure 1 shows a decline with time in the number of stainable spores and an increase in the amount of debris in typical suspensions. The absorbancy data (Table 2) show little or no absorbing material prior to grinding, with a marked increase in 10 min. There was no significant change in 20 min more, and disruption was complete by this measure within about 10 min. Again, comparison of absorbancy ratios for the ground spores reveals consistency of the technique.
Other variations in time and temperature were compatible with the foregoing discussion. Use of fewer beads or relatively more liquid reduced grinding effectiveness somewhat for these two organisms. Less resistant cells may be ground readily in a more fluid system, although the ratio of beads to water must become important at some level for any organism and must be determined empirically. 
